The lymphocyte guanyl cyclase response to ot-agonists was studied in 10 normal people and 12 patients with bronchial asthma. In the normal subjects a-adrenergic stimulation with noradrenaline plus propranolol and cholinergic stimulation with acetylcholine evoked significant increases in cyclic guanosine monophosphate formation. In addition the a-receptor blocking drug thymoxamine produced a significant stimulation of this enzyme system, and the effects of thymoxamine and acetylcholine were additive. This suggests that receptors for cholinergic and a-adrenergic agents are independent. In contrast, lymphocyte guanyl cyclase activity did not show a significant response to these agents in patients with acute asthma. In asthmatic patients in remission the responses were partially restored. The significance of these results for control of bronchomotor tone and the relation of guanyl cyclase activity to cyclic adenosine monophosphate in normal subjects and patients with asthma is discussed.
Introduction
Szentivanyi's' P-blockade theory of asthma has led to studies of the adrenergic responses to catecholamines in patients with bronchial asthma. Several workers2-3 have reported that adrenergic responses,5 and with the discovery of adenyl cyclase activity in the pJasma membrane of human peripheral leucocytes6 it was suggested that observations on isolated leucocytes from asthmatic patients might be used to study this biochemical defect in asthma.7 Recent reports 7-9 have shown that the membrane-bound adenyl cyclase activity in leucocytes shows a diminished response to stimulation with isoprenaline in patients with acute asthma as compared with normal people and patients with asthma in remission. Furthermore, the a-receptor blocking drugs, phentolamine and thymoxamine, have been shown to restore the isoprenaline response to normal in patients with acute asthma.'9 1o These observations suggest that an enhanced adrenergic activity may be a factor in the autonomic imbalance in asthma."
It has been proposed that cyclic guanosine monophosphate (GMP) has an opposing influence to that of cyclic AMP in the regulation of cell function.'2 Guanyl cyclase activity has been shown in a wide variety of tissues, including human lung and lymphocytes."3 It is well established that cyclic GMP activates cholinergic responses'4" 5 and is activated by cx-agonists.16 In view of the abnormal cyclase responses observed in asthmatic patients the role of cyclic GMP in the autonomic receptor system in asthma has been investigated. We report here the lymphocyte guanyl cyclase response to propranolol, propranolol plus noradrenaline, thymoxamine, thymoxamine plus acetylcholine, and acetylcholine in patients with acute asthma, patients in remission, and normal people.
Patients and Methods
Twelve patients, aged 14-44 years, with reversible airways obstruction due to extrinsic bronchial asthma were studied. All patients were positive on prick tests to inhalant allergens and had blood eosinophil counts of over 500 cells/mm", and six of the patients had associated atopic diseases such as eczema, allergic rhinitis, or hay fever. Some patients were on daily maintenance therapy with bronchodilators-for example, salbutamol aerosol; seven were on sodium cromoglycate; and one was on 5 mg of oral prednisolone on alternate days. All treatment was discontinued for at least 24 hours and prednisolone for 48 Preparation of Lymphocytes.-Lymphocytes were prepared from 40 ml of whole blood. This volume of blood was carefully layered over an equal volume of ficoll-hypaque and then centrifuged at 400 g at the interface for 20 minutes.'7 The red cells and granulocytes were spun down and the lymphocytes appeared as a narrow white layer immediately below the supernatant ficoll-hypaque interface. The lymphocyte layer was carefully removed and resuspended in the buffer solution (pH 7 40) as described previously.9 After centrifuging this suspension for five minutes at 70 g the supernatant was discarded and the procedure repeated. Finally, the lymphocyte pellet was resuspended in 1-5 ml of buffer before incubation with 3H-guanine at 37°C. This method produced a highly purified preparation of lymphocytes.
Guanyl Cyclase Assay and Analysis of Data.-The procedure for the lymphocyte guanyl cyclase assay was as described previously for the leucocyte adenyl cyclase assay' except that the cells were incubated with 9H-guanine (l,uCi/5 x 106 cells) instead of 3H-adenine, and at the conclusion of each incubation 0 1 ml of a non-radioactive carrier solution containing 5 mmol/l each of 3'5' cyclic GMP, guanosine triphosphate (GTP), guanosine diphosphate (GDP), 5'-GMP, guanosine, and guanine was added. The cell extracts were separated using the same solvent system. Each chromatogram was developed for 18 hours to achieve effective separation of the guanine nucleotides: 
Results
The detailed results are shown in the table. There was no significant difference in the mean percentage value of 3H-cyclic GMP in the control (or basal) level in either the active asthmatic group, the asthmatic group in remission, or the controls.
Propranolol alone at 200 [±mol, 1 did not evoke any significant difference in cyclic GMP levels in all three groups. Propranolol in combination with noradrenaline at 100 lsmol/l, however, produced a very significant increase in guanyl cyclase activity in controls but not in any of the asthmatic patients. Thymoxamine alone at 200 [Lmol/l produced a significant increase in the enzyme activity in the normal (P<001) and remission (P<0-02) groups but none in the active group. Thymoxamine in combination with acetylcholine 100 ,umol/l produced a highly significant increase in the guanyl cyclase activity in the normal group but not in either the remission group or patients with active asthma. Acetylcholine alone at 100 ,umol/l produced a significant increase in the lymphocyte guanyl cyclase activity in the normal group but not in the other two groups.
The mean FEV, (± S.E. of mean) expressed as the percentage of the predicted value was 53-2 + 7-11 % in the active group and 85-3 ± 6-24% in the remission group-a statistically significant difference (P <0 01).
Discussion
The early work on the distribution and subcellular location of guanyl cyclase indicated that in most tissues studied it occurred mainly in the membrane-free cytoplasm of the cell, in contrast with adenyl cyclase, which is present mainly in the plasma membrane. '8 19 Rudland et al.20 have recently shown, however, that stimulation of guanyl cyclase activity by fibroblast growth factor (F.G.F.) in BALP/c3TB cells in tissue culture was due almost entirely to an enzyme located in the plasma-membrane fraction. Since our concern was to explore cell receptor activities a method which measured plasma-membrane guanyl cyclase activity seemed more likely to give significant results. Stimulation of lymphocytes with noradrenaline in the presence of the p-blocking drug propranolol greatly stimulated guanyl cyclase activity, which reached a maximum between 5 and 10 minutes and returned towards baseline by about 15 minutes ( fig. 1 ). This time course activity experiment is comparable in the degree of stimulation and duration of effect to the stimulation of membrane-bound leucocyte adenyl cyclase activity with isoprenaline. 8 Furthermore, the addition of theophylline to the medium-that is, a phosphodiesterase inhibitor-increased the basal level of In controls ae-adrenergic stimulation with noradrenaline in the presence of propranolol produced a very significant increase in cyclic GMP formation. Unexpectedly, thymoxamine also produced a significant though smaller increase in cyclic GMP production in the controls, which makes it difficult to explain the action of ac-blocking drugs on this basis. Illiano et al.,21
however, in their studies on isolated fat cells found that atropine (the cholinergic blocking drug) also caused a slight increase in cyclic GMP formation. The stimulation of guanyl cyclase activity with the combination of thymoxamine and acetylcholine seems to be additive, suggesting that independent receptor systems exist for ao-adrenergic and cholinergic drugs. In contrast, the only significant stimulatory drug effect on cyclic GMP production in the asthma patients' cells was observed with thymoxamine in the remission group. Our observations are the reverse of what might have been expected as it has been reported with experimental animals that increased lung levels of cyclic GMP are associated with a more severe degree of anaphylaxis.22 Lewis et 
